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(S) Plasma treating method using hydrogen gas. 
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@, A plasma treating method subjects an object surface (1) to a plasma treating within a chamber (8, 
Vl1b). First, first and second gasses are supplied into the chamber, where the first gas includes hydrogen 
molecules as a main component the second gas includes a quantity of hydrogen less than that included 
in\the first gas and is selected from a group of materials consisting of organic compounds and inorganic 
compounds, the organic compounds include hydrogen and oxygen and the inorganic compounds 
include hydrogen. Second, plasma of a mixed gas which is made up of the first and second gasses is 
generated within the chamber to subject the object surface to the plasma treating. Preferably, the 
second gas is water vapor. 
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BACKGROUND OF THE INVENTION 

The present invention generally relates to plasma 
treating methods, and more particularly to a plasma 
treating method which uses a hydrogen gas. 

Various proposals have been made to carry out 
a plasma treating of a solid surface using a gas which 
includes hydrogen. For example, Fujimura et al„ Pro- 
cedures of The Symposium on Dry Process, Edited by 
Nishizawa et al., PV 88-7, The Electromechanical 
Society, Inc. 1988, pp.126-133 proposes a method of 
removing a resist layer which is used as a mask during 
an ion implantation. On the other hand, K. Miyake, 
"Removal of a Thin Si0 2 Layer by Low-Energy Hyd- 
rogen Ion Bombardment at Elevated Temperatures", 
Japanese Journal of Applied Physics, VoL28, No.11, 
November, 1989, pp.2376-2381 proposes a method 
of cleaning a silicon surface using hydrogen ions 
drawn out from the plasma. The present invention 
relates to a plasma treating method which uses a hyd- 
rogen gas and is applicable to the proposed methods 
described above. 

For example, when using hydrogen in a pre-pro- 
cess which is carried out before epitaxially growing a 
layer on a silicon substrate, this pre-process is gen- 
erally carried out by heating the substrate to a high 
temperature within a hydrogen atmosphere. Because 
the process uses a large quantity of hydrogen, the 
hydrogen is, for safety reasons, usually diluted by a 
gas such as nitrogen gas and argon gas which do not 
react with hydrogen. The pre-process using the hyd- 
rogen is earned out mainly for the purpose of remov- 
ing a natural oxide layer which is formed on the silicon 
substrate, for example. Safety precautions must be 
taken during this pre-process, because the substrate 
temperature is raised to a high temperature on the 
order of 1000°C and the hydrogen gas is supplied at 
a rate of 10 to 1000 liters/minute. 

Hence, M. Miyake referred above proposes the 
plasma treating which can be carried out at a relatively 
low temperature, with an improved safety and high 
efficiency. In addition, Fujimura et al. referred above 
proposes the use of hydrogen plasma to remove ion 
implanted resist. 

According to the conventional plasma treating 
methods which use hydrogen, the hydrogen gas itself 
is used, or a hydrogen gas which is diluted by an inert 
gas or nitrogen gas is used. However, there is a prob- 
lem in that the ashing rate is poor and the process 
takes too long a time for practical purposes. 

The main object of the plasma treating is to utilize 
hydrogen ions (H + ) and hydrogen radicals (hydrogen 
atoms H). For this reason, it is possible to employ an 
electron cyclotron resonance (ECR) plasma in order 
to improve the dissociation of the hydrogen and 
increase the speed of the process. However, it still 
takes a relatively long time to carry out the process 
and the use of the ECR plasma is stilt unsatisfactory 



for practical purposes. 

SUMMARY OF THE INVENTION 

5 Accordingly, it is a general object of the present 

invention to provide a novel and useful plasma treat- 
ing method in which the problems described above 
are eliminated. 

Another object of the present invention is to pro- 
10 vide a plasma treating method for subjecting an object 
surface to a plasma treating within a chamber, com- 
prising the steps of (a) supplying first and second gas- 
ses into the chamber, where the first gas includes 
hydrogen molecules as a main component, the sec- 
ts* ond gas includes a quantity of hydrogen less than that 
included in the first gas and is selected from a group 
of materials consisting of organic compounds and 
inorganic compounds, the organic compounds 
include hydrogen and oxygen and the inorganic com- 
20 pounds include hydrogen, and (b) generating within 
the chamber plasma of a mixed gas which is made up 
of the first and second gasses to subject the object 
surface to the plasma treating. According to the 
plasma treating method of the present invention, it is 
25 possible to considerably increase the speed of pro- 
cesses which use hydrogen atoms and hydrogen 
ions. 

Other objects and further features of the present 
invention will be apparent from the following detailed 
30 description when read on conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 FIGS.1 A through 1C are cross sectional views for 

explaining a first embodiment of a plasma treating 
method according to the present invention; 
FIG. 2 is a cross sectional view generally showing 
a plasma treating apparatus used in the first 

40 embodiment; 

FIG. 3 is a diagram showing an etching rate ver- 
sus ratio of gas added to hydrogen gas, for exp- 
laining the effects of the first embodiment; 
FIG. 4 is a diagram showing a sheet resistance 

45 versus RIE process time for explaining the effects 

of a second embodiment of the plasma treating 
method according to the present invention; 
FIGS.5A and 5B respectively are cross sectional 
views generally showing apparatuses used in a 

so third embodiment of the plasma treating method 

according to the present invention; 
FIG.6 shows the relative concentration of hydro- 
gen atoms in the plasma when the hydrogen 
plasma process is carried out using only hydro- 

55 gen gas; 

FIG.7 shows the relative concentration of hydro- 
gen atoms in the plasma when the hydrogen 
plasma process is carried out using hydrogen gas 

3 
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added with water vapor; 

FIG.8 shows the quantity change of hydrogen 
atoms with time when the hydrogen plasma pro- 
cess is carried out using only hydrogen gas; 
FIG.9 shows the quantity change of hydrogen 
atoms with time when the hydrogen plasma pro- 
cess is carried out using hydrogen gas added with 
water vapor; and 

FIG. 10 shows the density of hydrogen atoms 
depending on the quantity of water vapor added 
to the hydrogen gas when carrying out the hydro- 
gen plasma process. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A description will be given of a first embodiment 
of a plasma treating method according to the present 
invention, by referring to FIGS.1 through 4. In this 
embodiment the present invention is applied to a res- 
ist removing process. 

As shown in FIG.1 A, a resist layer 2 is formed on 
a 6-inch diameter silicon (Si) substrate 1 by coating 
approximately 1 (am of novolac resin system resist 
such as the resist OFPR8600A manufactured by 
Tokyo Ohka Kogyo of Japan. The substrate 1 coated 
with the resist layer 2 is baked on a hot plate for 90 
seconds at 90°C, and thereafter, P + ions are implan- 
ted with a dosage of 1 x 10 16 atoms/cm 2 at 70 KeV. 
By this ion implantation, a deteriorated layer 2b hav- 
ing a thickness on the order of 2300 A covers a non- 
deteriorated layer 2a of the resist layer 2. This 
deteriorated layer 2b is made up of a cross contami- 
nated layer 2c, an injection carbonization layer 2d and 
a secondary carbonization layer 2e. The formation of 
the deteriorated layer 2b is reported in Fujimura et al. v 
"Ashing of Ion-Implanted Resist Layer", Japanese 
Journal of Applied Physics, Vol. 28, No. 10, October 
1989, pp.2130-2136. 

Next, a reactive ion etching (RIE) module 3 of the 
plasma treating apparatus shown in FIG. 2 is used to 
remove the deteriorated layer 2b by hydrogen plasma 
as shown in FIG.1 B, and a downstream module 4 of 
the plasma treating apparatus is thereafter used to 
remove the remaining non-deteriorated layer 2a by a 
downstream ashing so as not to damage the substrate 
1. 

The RIE module 3 generally includes a substrate 
stage 5a on which the substrate 1 is placed and a hea- 
ter 6 provided within the stage 5a, and the stage 5a 
is provided within a plasma chamber 8. On the other 
hand, the downstream module 4 generally includes a 
stage 5b, a quartz window 9 and a shower-head 10. 
An arm 7 rotates in the direction of an arrow to move 
the substrate 1 from the RIE module 3 to the down- 
stream module 4. When moving the substrate 1 from 
the RIE module 3, pins (not shown) of the stage 5a lift 
up the substrate 1 so that the arm 7 can carry the sub- 
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strate 1 to the downstream module 4. At the down- 
stream module 4, pins (not shown) of the stage 5b 
receive the substrate 1 and then lower the substrate 
1 in position on the stage 5b. 

5 If oxygen plasma is used to remove the deterior- 

ated layer 2b, the injected material is oxidized and 
remains as an oxide. Accordingly, it is desirable to use 
a gas which does not include oxygen so that the 
effects caused by the oxygen is negligible even when 

10 the Si of the deteriorated layer 2b includes oxygen. In 
other words, it is necessary to use a gas which results 
in a process approximately the same as that obtained 
when only hydrogen gas is used. 

The hydrogen plasma process, that is, the RIE 

15 process, is carried out by supplying hydrogen gas to 
the plasma chamber 8 shown in FIG.2 at a rate of 500 
cc/minute, and exciting hydrogen using a high-fre- 
quency wave of 1 3.56 MHz with a power of 450 W at 
1 Torr so as to generate the hydrogen plasma. The 

20 structure shown in FIG.1 A is subjected to this hydro- 
gen plasma process in the RIE module 3. In addition, 
the downstream process is carried out in the down- 
stream module 4 by supplying oxygen (0 2 ) gas at a 
rate of 600 cc/minute, supplying water (H 2 0) at a rate 

25 of 400 cc/minute, using a microwave of 2.45 GHz with 
a power of 1 kW at 1 Torr, and setting the temperature 
of the stage 5b to 200°C. 

When the hydrogen plasma process is insuffi- 
cient, the deteriorated layer 2b remains and this 

30 remaining deteriorated layer 2b cracks and is scat- 
tered as unwanted contamination particles during the 
downstream process due to the expansion of the non- 
deteriorated layer 2a when the substrate 1 is heated. 
In most cases, the contamination particles cannot be 

35 removed completely during the downstream ashing, 
and the contamination remains on the substrate 1. 
Accordingly, it is possible to judge whether or not the 
hydrogen plasma process is sufficient by determining 
whether or not the deteriorated layer 2b cracks during 

40 the downstream process and whether or not the con- 
tamination of the deteriorated layer 2b remains on the 
substrate 1. 

A minimum time required for the hydrogen 
plasma process to be carried out in order to com- 

45 pletely remove the deteriorated layer 2b of the resist 
layer 2 was approximately 7 minutes. Next when the 
hydrogen plasma process was carried out at an 
increased pressure of approximately 2 Torr, it took 
approximately 1 0 minutes to completely remove the 

so deteriorated layer 2b. 

On the other hand, this embodiment was carried 
out under first and second conditions described 
hereunder. Under the first condition, the hydrogen 
plasma process was carried out by modifying the sup- 

55 ply of the hydrogen gas to a rate of 425 cc/minute, the 
supply of water vapor to a rate of 75 cc/minute and the 
pressure to 1 Torr. In this case, the minimum time 
required to completely remove the deteriorated layer 
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2b of the resist layer 2 was approximately 90 seconds. 
Under the second condition, the hydrogen plasma 
process was carried out by modifying the supply of the 
hydrogen gas to a rate of 475 cc/minute, the supply 
of water vapor to a rate of 25 cc/minute and the press- 
ure to 2 Torr. In this case, the minimum time required 
to completely remove the deteriorated layer 2b of the 
resist layej^2_was_approximately 105 seconds. 
r^Next, the hydrogelTpJIgi^ 
<^out with respect to a resist layer 2 which has a pattern 
such that the resist layer 2 occupies 1/2 the area on 
the substrate 1. Under one condition, the hydrogen 
plasma process was carried out by supplying the hyd- 
rogen gas at a rate of 450 cc/minute, supplying the 
water vapor at a rate of 75 cc/minute and setting the 
pressure to 1 Torr. In this case, the minimum time 
required to completely remove the deteriorated layer 
2b of this resist layer 2 was approximately 75 sec- 
onds. Under another condition, the hydrogen plasma 
process was carried out by supplying the hydrogen 
gas at a rate of 475 cc/minute, supplying the water 
vapor at a rate of 25 cc/minute and setting the press- 
ure to 2 Torr. In this case, the minimum time required 
to completely remove the deteriorated layer 2b of the 
resist layer 2 was approximately 105 seconds. As a 
result, it may be regarded that the process speed of 
the hydrogen plasma process has little dependency 
on the pattern area of the resist layer 2. 

In order to observe the effects of adding the water 
vapor to the hydrogen gas in this embodiment, the 
etching rate of a resist layer which has not been sub- 
jected to an ion implantation was observed as indi- 
cated by a solid line in FIG.3. The resist layer used 
was coated on the entire surface of the substrate and 
baked at 200°C for one minute, and the RIE was car- 
ried out at a pressure of 1 Torr with a microwave 
power of 1 kW. FIG.3 also shows the etching rate of 
the resist layer using the hydrogen gas which is added 
with nitrogen gas, as indicated by a dotted line. As 
may be seen from FIG.3, when the added water vapor 
is such that a ratio H 2 0/(H 2 +H 2 0) of the water vapor 
Is approximately 10%,Jthe etching rate increases to 
approximately five-times that obtainable when no 
water vapor is added to the hydrogen gas. On the 
other hand, the etching rate decreases when when 
the ratio of the water vapor exceeds 20%. The etching 
rate is approximately constant when the ratio of the 
water vapor is greater than 50%, and in this case, the 
etching rate is approximately 1/2 the maximum etch- 
ing rate shown in FIG.3. The data shown in FIG.3 were 
obtained using the RIE module 3 shown in FIG.2. 

In addition, the color of the plasma was bluish 
pink when the ratio of the water vapor is 50 to 100%, 
while the color of the plasma was pink when the ratio 
of the water vapor is 0 to 30%. Hence, it was pre- 
sumed that the hydrogen plasma process becomes 
approximately the same as an RIE process using 
100% water vapor when the ratio of the water vapor 



is 50 to 100%, and the hydrogen plasma process 
becomes approximately the same as the RIE process 
using 1 00% hydrogen gas when the ratio of the water 
vapor is 0 to 30%. In other words, when ratio of the 

5 water vapor added to the hydrogen gas is 30% or less 
but greater than 0, the etching rate of the hydrogen 
plasma process can be increased to approximately 
five time that of the hydrogen plasma process using 
hydrogen gas alone. 

w As may be seen from FIG.3, the sputtering effect 

of the nitrogen is obtainable when the nitrogen gas is 
added to the hydrogen gas because nitrogen is 
heavier than hydrogen. However, the etching rate 
does not increase over approximately two times the 

15 etching rate obtainable when the hydrogen plasma 
process uses the hydrogen gas alone. 

Although not shown in FIG.3, the etching rate did 
not change greatly from that indicated by the dotted 
line even when argon gas was added to the hydrogen 

20 gas when carrying out the hydrogen plasma process. 

Next, a description will be given of a second 
embodiment of the plasma treating method according 
to the present invention. In this embodiment, a silicon 
dioxide (Si0 2 ) layer having a thickness of 200 A is for- 

25 med on a (100) face of a p-type single crystal sub- 
strate. As* ions were implanted into the substrate via 
the Si0 2 layer with a dosage of 4x1 0 15 atoms/cm 2 at 
a power of 70 keV. After removing the Si0 2 layer, the 
hydrogen plasma process was carried out Then, an 

30 annealing process was carried out at 1000°C for 30 
minutes in a nitrogen atmosphere. 

When the pressure during the hydrogen plasma 
process (that is, the RIE process) was varied and the 
sheet resistance was examined, it was found that the 

35 sheet resistance decreases when the pressure is 
increased from 0.5 Torr to 1 Torr. In FIG. 4, a curve A1 
shows the sheet resistance at 1 Torr and a curve A2 
shows the sheet resistance at 0.5 Torr. In addition, a 
curve A3 shows the sheet resistance for the case 

40 where the hydrogen plasma process was carried out 
without removing the SiO z layer, and in this case, the 
sheet resistance was virtually constant Hence, the As 
within the Si escapes and the resistance increases 
when the pressure is less than 1 Torr, but it is possible 

45 to prevent the As within the Si from escaping and thus 
prevent the resistance from increasing when the 
pressure is 1 Torr or greater. In addition, when the 
area effect is considered, the desirable pressure is 1 .8 
Ton* or greater because the area effect can be sup- 

50 pressed in this case. 

Next a description will be given of a third embo- 
diment of the plasma treating method according to the 
present invention. 

When epitaxially growing a Si layer on a Si sub- 

55 strate, there is a need to remove a natural oxide layer 
and contaminating materials such as carbon on the 
surface of the Si substrate. This embodiment removes 
such natural oxide layer and contaminating materials 
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using apparatuses shown in FIGS.5A and 5B. 

FIG.5A shows an epitaxial growth apparatus 
including a chamber 11a, a stage 12a and a heater 
13a. On the other hand, FIG.5B shows a plasma 
generating apparatus including a chamber 11b, a s 
stage 12b and a heater 13b. 

First, the epitaxial growth apparatus shown in 
FIG.5A is used to grow a Si epitaxial layer having a 
thickness of 1 um. In order to make the crystal defect 
in the Si epitaxial layer under 1 defect/cm 2 , a hydro- 10 
gen thermal process was carried out at 1 Torr and 
1 000°C for 10 minutes. The flow rate of the hydrogen 
gas was set to 15 liters/minute. 

The plasma generating apparatus shown in 
FIG.5B is connected to the epitaxial growth apparatus 15 
shown in FIG.5A, and plasma of hydrogen was gen- 
erated by setting the pressure to 1 Torr and the flow 
rate of the hydrogen gas to 500 cc/minute. A down- 
stream pre-process was carried out using a gas which 
is dissociated by the generated plasma. The down- 20 
stream pre-process of 30 minutes was required to 
make the crystal defect density to 1 defect/cm 2 or 
less. Next, when the flow rate of the hydrogen gas was 
set to 450 cc/minute and the flow rate of the water 
vapor was set to 50 cc/minute during the downstream 25 
pre-process, the crystal defect density became 1 
defect/cm 2 or less in 10 minutes. In other words, the 
speed of the downstream pre-process was increased 
by reducing the flow rate of the hydrogen gas and 
adding a small quantity of water vapor to the hydrogen 30 
gas. 

The detailed mechanisms of the present inven- 
tion has not yet been elucidated. However, based on 
the experiments conducted by the present inventors, 
it may be regarded that the density of the hydrogen 35 
atoms is increases because the dissociation of hyd- 
rogen molecules is accelerated when water vapor is 
added to the hydrogen gas during the hydrogen 
plasma process. In addition, it may be regarded that 
the density of the hydrogen atoms increases because 40 
the recombination of hydrogen atoms is suppressed 
by the addition of the water vapor. Normally, during 
the hydrogen plasma process, the recombination of 
the hydrogen atoms occurs mainly in the vicinity of the 
wall of the chamber. It was confirmed that, when the 45 
hydrogen plasma process is carried out using the hyd- 
rogen gas alone, the recombination of the hydrogen 
atoms is substantially the same even when the ma- 
terial used for the chamber wall is changed. But when 
the material used for the chamber wall is changed and so 
the hydrogen plasma process is carried out using the 
hydrogen gas which is added with the water vapor, it 
was confirmed that the recombination of the hydrogen 
atoms changes depending on the chamber wall ma- 
terial. Hence, it was indirectly found that the recombi- 55 
nation of hydrogen atoms is suppressed by the 
addition of the water vapor. 

FIG. 6 shows the relative concentration of hydro- 
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gen atoms in the plasma (value of l H ( n n 4861 A)/!*, 
(8115A)) when the hydrogen plasma process is car- 
ried out using only hydrogen gas. In this case, the 
relative concentration of hydrogen atoms is 0.066. On 
the other hand, FIG.7 shows the relative concen- 
tration of hydrogen atoms in the plasma (value of l H 
(4861 A)/Iat (81 15A)) when the hydrogen plasma pro- 
cess is carried out using hydrogen gas added with 
water vapor. The ratio of the water vapor is 40%, and 
in this case, the relative concentration of hydrogen 
atoms is 0.314. In other words, when the hydrogen 
plasma process uses hydrogen gas added with water 
vapor as in FIG.7, the relative concentration becomes 
approximately five times that of the case shown in 
FIG. 6. Hence, these experimental results support the 
above assumptions that the density of the hydrogen 
atoms increases when water vapor is added to the 
hydrogen gas during the hydrogen plasma process. 

FIG. 8 shows the change in the intensity of hydro- 
gen atoms with time when the hydrogen plasma pro- 
cess is carried out using only hydrogen gas. On the 
other hand, FIG. 9 shows the change in the intensity 
of hydrogen atoms with time when the hydrogen 
plasma process is carried out using hydrogen gas 
added with water vapor. FIGS. 8 and 9 show the quan- 
tity of hydrogen atoms in a vicinity of a position HP in 
FIG.5B when the plasma of hydrogen is generated 
using a microwave of 2.45 GHz with a power of 1 .5 kW 
at a pressure of 1 Torr. Further, the values shown in 
FIGS.8 and 9 are normalized and thus, the ordinates 
are in arbitrary units. FIG.9 shows the case where the 
ratio of water vapor added to the hydrogen gas is 
20%. As may be seen by comparing FIGS.8 and 9, the 
quantity of hydrogen atoms decreases after gener- 
ation of the plasma at a time t=0 in FIG. 8, but the 
quantity of hydrogen atoms remains substantially 
constant after generation of the plasma at the time t=0 
in FIG.9. As a result, these experimental results sup- 
port the above assumptions that the recombination of 
hydrogen atoms is suppressed by the addition of the 
water vapor. 

FIG. 10 shows the density of hydrogen atoms 
depending on the quantity of water vapor added to the 
hydrogen gas when carrying out the hydrogen plasma 
process. The data shown in FIG. 10 were obtained at 
a pressure of 0.4 Torr using a microwave power of 
500W. As shown in FIG. 10, this experimental result 
also shows that the density of hydrogen atoms 
increases when the ratio of water vapor added to the 
hydrogen gas during the hydrogen plasma process is 
greater than 0 and less than approximately 30%. 

Therefore, according to the present invention, the 
hydrogen plasma process is carried out using a first 
gas which includes hydrogen molecules as the main 
component and a second gas which includes a quan- 
tity of hydrogen smaller than that included in the first 
gas. In the embodiments described above, the first 
gas is hydrogen gas itself and the second gas is water 
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vapor. However, the first and second gasses are not 
limited to those of the embodiments. The second gas 
may be a gas of organic compounds including hydro- 
gen and oxygen or inorganic compounds including 
hydrogen. In other words, the second gas may include 
a material selected from a group which includes 
alcohol, organic acid, phosphine (PH 3 ), arsine (AsH 3 ), 
borane (BH 3 ), diborane (B 2 H 6 ), water vapor (H 2 0), 
silane (SiH 4 ) and ammonia (NH 3 ). But the second gas 
is preferably water vapor (H 2 0) since it is very easy 
to obtain and handle water, and further, because it is 
possible to prevent undesirable carbon deposits on 
the chamber wall, for example. Some materials when 
used as the second gas may cause undesirable 
deposits on the chamber wall. 

In addition, the surface which is to be subjected 
to the plasma treating may be made of a material 
selected from a group including organic materials, 
semiconductors and metals. In the case of an organic 
material layer, this organic material layer before the 
plasma treating is subjected to an energy particle 
irradiation such as ion implantation, plasma and laser 
irradiation. The resist is a typical example of the 
organic material, and the resist layer before the 
plasma treating is preferably subjected to an ion 
implantation with a dosage of 1x10 14 atoms/cm 2 or 
greater and deteriorated. A semiconductor or metal 
layer may be subjected to the plasma treating 
immediately before another layer is formed on the 
semiconductor or metal layer. Si is a typical example 
of the semiconductor, and a Si substrate is subjected 
to the plasma treating before epitaxially growing a Si 
layer on the Si substrate, for example. Al is a typical 
example of the metal, and an Al layer is subjected to 
the plasma treating before forming another Al layer on 
the Al layer, for example. 

Further, the present invention is not limited to 
these embodiments, but various variations and mod- 
ifications may be made without departing from the 
scope of the present invention. 



Claims 

1 . A plasma treating method for subjecting an object 
surface (1) to a plasma treating within a chamber 
(8, 11b), characterized in that said plasma treat- 
ing method comprising the steps of: 

(a) supplying first and second gasses into the 
chamber (8, 11b), said first gas including hyd- 
rogen molecules as a main component, said 
second gas including a quantity of hydrogen 
less than that included in the first gas and 
being selected from a group of materials con- 
sisting of organic compounds and inorganic 
compounds, said organic compounds includ- 
ing hydrogen and oxygen, said inorganic com- 
pounds including hydrogen; and 



(b) generating within the chamber plasma of a 
mixed gas which is made up of the first and 
second gasses to subject the object surface to 
the plasma treating. 

5 

2. The plasma treating method as claimed in claim 

1, characterized in that said first step (a) uses 
hydrogen gas as the first gas. 

10 3. The plasma treating method as claimed in claim 

2, characterized in that said first step (a) uses as 
the second gas a predetermined organic or inor- 
ganic material selected from a group consisting of 
alcohol, organic acid, phosphine (PH 3 ) f arsine 

15 (AsH 3 ), borane (BH 3 ), diborane (B 2 H 6 ), water 

vapor (H 2 0), silane (SiH 4 ) and ammonia (NH 3 ). 

4. The plasma treating method as claimed in claim 
1 , characterized in that said step (a) uses hydro- 

20 gen gas as the first gas and water vapor as the 

second gas. 

5. The plasma treating method as claimed in claim 
4, characterized in that a ratio H 2 0/(H 2 +H 2 0) of 

25 hydrogen (H 2 ) and water vapor (H 2 0) included in 

the mixed gas is greater than 0 but less than or 
equal to 30%. 

6. The plasma treating method as claimed in claim 
30 4 or 5, characterized in that said step (b) is carried 

out at a pressure of 1 Torr or greater. 

7. The plasma treating method as claimed in any of 
claims 1 to 6, characterized in that the object sur- 

35 face (1) is made of a material selected from a 

group consisting of organic materials, semicon- 
ductors and metals. 

8. The plasma treating method as claimed in claim 
40 7, characterized in that the object surface (1) 

which is made of an organic material is already 
subjected to an energy particle irradiation. 

9. The plasma treating method as claimed in claim 
45 7, characterized in that said step (b) subjects the 

object surface (1) which is made of either one of 
semiconductor and metal to the plasma treating 
to prepare the object surface for formation of a 
layer thereon. 

50 
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